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In this talk I will rst give a short discussion of some lattice results for QCD
at nite temperature. I will then describe in some detail the technique of
dimensional reduction, which in principle is a powerful technique to obtain
results on the long distance properties of the quark-gluon plasma. Finally I
will describe some new results, which test the technique in a simpler model,
namely three dimensional gauge theory.
2 Introduction
The physical challenges for lattice computations of high temperature QCD
are to obtain information, which can be of use for the planning and analy-
sis of recent experiments, as well as to give theoretical insight into the non
perturbative properties of QCD. Some of the more important goals are the
determination of the value of the transition temperature in physical units, the
equation of state, the order or even the existence of a phase transition to a
high temperature quark-gluon plasma, and the long distance properties of the
plasma phase.
A simple picture of the nite temperature properties of QCD, as rst
discussed by Cabibbo and Parisi 1, predicts a low temperature conned phase,
and a high temperature phase which is essentially an ideal quark-gluon gas.
The transition temperature is expected to be of the order of the Hagedorn
temperature, i.e. around 140 MeV. Up to now only lattice calculations can
give more quantitative information. Reviews of the lattice results can be found
in the proceedings of the yearly lattice conferences, the most recent published
review is reference 2. Here I will only emphasize some of the results on the
quantities mentioned above.
In the pure gluon theory it has been shown that the thermodynamics can
be essentially completely solved, by continuum extrapolation of the lattice re-
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sults. In this way, one can estimate the ratio between the critical temperature
and the square root of the string tension to be 0.630(5).3 A similar extrapo-
lation using a dierent lattice action gives 0.650(5).4 The dierence seems to
come from the measurement of the string tension, which is dicult to estimate
precisely, and where systematic errors come from the uncertainties in the non
asymtotic terms in the spatial distance. Still, the estimates agree within 3 %.
Using a value
√
σ = 425 MeV, one obtains a rather high critical temperature
of around 270 MeV.
Unfortunately, as far as the order of the transition and the critical tem-
perature goes, the pure gluon theory is not a good approximation to full QCD
with dynamical quarks. Direct lattice calculations with systematic continuum
extrapolation in this case are far too time consuming for present computers,
and would, with the methods currently available, need computing power in
the range of 10 to 100 Teraflops. From the present results one expects the crit-
ical temperature e.g. in ratio to the string tension to be considerably lower.
In physical units one estimates the critical temperature to be in the range of
150 - 190 MeV, where the latest results are near 170 MeV.2,5 It is dicult
to estimate the systematic errors. The order of the transition may be very
sensitive to the strange quark. A crossover as a shadow of a nearby second or
rst order transition is favoured by the data, and also by general universality
arguments.
In the pure gluon theory, the pressure and energy density as a function of
temperature can also be extrapolated to the continuum limit, and also here re-
sults from dierent calculations agree within about 3%.3,4 The main message
from these calculations is that the free gluon gas limit is approached rather
slowly, and that even at temperatures of two times the critical temperature,
which corresponds to energy densities at least 16 times the energy density at
the transition, there are 15 - 20% corrections to the ideal gas limit. Qualita-
tively, one observes a similar behaviour in full QCD.6 In this case a contin-
uum extrapolation has not been attempted, and one is restricted to results
on rather coarse lattices. One should remark that the experiments planned
at Brookhaven and even LHC will operate in a range of temperatures, where
the deviations from the ideal gas behaviour should be substantial. A better
understanding of the non perturbative eects is certainly needed. Resum-
mation techniques of the perturbative series, essentially introducing a gluon
mass, do agree with the lattice results for suciently high temperature (from
about 2Tc). 7,8 The systematic errors in this procedure are also not very well
known, and futher investigation of the long distance properties of the plasma
is certainly needed. Dimensional reduction is a technique, which is well suited
for studying these long range properties. In the following I will give a short
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review of the general technique, and report on some recent results, which test
the approach in detail.9
3 Dimensional Reduction
Dimensional reduction is in principle a powerful technique that was introduced
in the early eighties as a mean to treat high temperature eld theories. In
the Euclidean formulation such theories are dened in a volume with one
compact dimension of extent 1/T . As the temperature T becomes large, one
may expect that the non-static modes in the temperature direction can be
neglected, and that one is left with a theory in one dimension less 10,11. This
naive reduction is, however, only exact in the classical limit. In general, one
has to integrate over the nonstatic modes to obtain the eective action 12,13,14.
As was shown in Refs 12,14 the eective action for the long distance phenomena
will, however, only contain a limited number of local terms at suciently high
temperature, because the integral over the nonstatic modes does not contain
infrared divergencies. Furthermore, the coecients can be determined from
a perturbative expansion of the integral over the non-static modes. This
eective action is then expected to describe correctly the infrared behaviour
of the full theory. It has been successfully applied to the electroweak phase










F 2µν(τ, ~x) + ψDψ

(1)
where possible ghost and gauge xing terms have been suppressed. It is
convenient to analyse the theory in the static Landau gauge, dened by
A0(τ, ~x) = A0(~x) (2)Z 1/T
0
dτ ∂iAi = 0. (3)
The bosonic and fermionic elds are periodic and antiperiodic respectively in
the temperature direction, and the corresponding Matsubara frequencies are
ωn = 2pinT n = 0,±1,±2, ... Bosons
ωn = (2n+ 1)piT Fermions (4)
Note that all modes become innitely heavy in the high temperature limit,
apart from the static modes in the bosonic case. If one neglects the non static
modes, or at least integrate them out perturbatively, a much simpler theory
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describes the long distance properties of the plasma. At the tree level, one is













In the quantum theory, one should integrate over the non static modes. This
gives in principle a very complicated non local eective action. If one observes
that the integration over these modes is infrared nite, one may, however, de-
velop the action in a series of local terms, which describe the leading behaviour
of correlation functions at large T and small momenta.




we can see essentially from power counting and symmetry arguments that
the dominating terms in perturbation theory at high temperature and long
distances are the rst orders in a polynomial in φ:
3 + 1→ 3 2 + 1→ 2
g2T 2 φ2 g23T φ
2
g4T φ4 g43 φ
4
g6 φ6 g63/T φ
6
The numerical value of the coecients can be calculated in perturbation the-
ory.
Although this is a very nice result, which means essentially that e.g. full
QCD in 3+1 dimensions is replaced by a purely bosonic theory in three dimen-
sions, the range of validity of the approximation is not yet known, although
several results indicate that it may be valid down to a temperature of about
two times the critical temperature. 16,17,18,19,20
In a recent work we have investigated how dimensional reduction works,
both for correlations between Polyakov loops, which are related to chromo-
electric screening and for spatial Wilson loops, which are related to the chro-
momagnetic sector. We have performed this investigation on a simpler model,
three dimensional SU(3) gauge theory. Thereby we can obtain a high statis-
tical accuracy in the comparison. The reduced model is a two dimensional
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